In Experiment I, 96 mulriparous Holstein cows were assigned at calving to rations containing 13.2, 14.4, and 15.5~ crude protein in dry matter. Daily dry matter intake per cow was 4.2 kilograms corn silage, 5.9 kilograms alfalfa hay, and 10.8 kilograms concentrates. In Experiment II, 88 cows at calving were assigned to rations with 13.9 and 15.8~ crude protein in dry matter. Daily dry matter intake was 3.8 kilograms corn silage, 8.4 kilograms alfalfa hay, and 10.0 kilograms concentrates. Amount of concentrate offered was reduced to 4 kilograms per cow daily in each experiment if milk production declined to less than 18 kilograms daily or the cow gained more than 45 kilograms body weight over calving weight. In both experiments cows were offered either 115 or 170~ of maintenance energy needs during the 60-day dry period resulting in 2 X 3 (Experiment I) and 2 X 2 (Experiment II) factorial arrangements of treatments.
Introduction
Re-evaluation of protein requirements of laetaring cows is advisable because: (i) current feeding of more concentrates has increased milk protein percentages and total protein Received for publication September 1, 1971. yields (4, 5, 6, 11, 12) ; (ii) reduced protein digestibility as dry matter intake increased to satisfy greater production needs may necessitate increasing dietary protein to offset lowered availability (1, I0); (iii) the possibility has been proposed (10) that use of body protein stores to produce milk has concealed the cow's true requirement for protein and should be evaluated in a long-term experiment; (iv) recommendations are needed for protein allowances when forages and grains are group fed to highly productive cows since most comparisons have been with individually fed cows (10, 
14).
Expressing requirements of the milking cow as a percentage of crude protein (CP) is more applicable than using conventional digestible protein values because protein digestibility of mixed forage and concentrate rations is altered by dry matter ingested (1, 10, 14) . In addition, CP values are readily available and commonly used in practice.
Thomas (14) observed that high producing cows fed rations containing 12.6% CP (airdry basis) produced more milk than those fed 10.7~ CP. Higher protein percentages were not compared although he reported that production using 12.6~ CP was as great as during previous and later lactations on higher protein.
We conducted two separate experiments to investigate protein requirements during lactation in conjunction with energy and mineral needs of the dry cow. Energy values of 115~ (L) and 170~ (H) of maintenance were compared beginning 60 days prepartum. Prepartum treatments are detailed in an accompanying paper (3).
Procedures
Experiment L Ninety-six multiparous Holstein cows weighing an average of 655 kg at 1 day postpartum were randomly assigned to treatment rations containing total CP of 13.2 (P1), •4.4 (P2), and 15.5~ (P3) of dry matter (DM). Because cows had been included in two energy treatment groups prepartum, they were allotted in a 2 X 3 factorial an'angement of treatments 1 day post-calving.
Protein intake was adjusted by altering pro- Cows were weighed biweekly. Cows producing less than 18 kg of milk per day and/or gaining 45 kg body weight were moved to another corral and limited to 4 kg of P1 concentrate per day fed in the milking parlor. This resulted in an average stay of 6.6 (P1), 6.5 (P2), and 6.5 (P3) mo in respective corrals with ranges of 3 to 10 (P1), 4 to 10 (P2), and 4 to 10 (P3) mo.
Milk, fat, and solids-not-fat (SNF) yields were obtained from monthly and 305-day records of the Dairy Herd Improvement Assoeiation (DHIA). Milk protein was determined from 40 cows on each treatment with a composite sample from two consecutive milkings. The Orange G method of Udy (15) was used for analysis. Treatment differences were tested by analysis of variance. Covariance adjusted means to correct previous lactation records increasing sensitivity of tests (2, 13). Tukey's hsd test criterion (13) was applied for multiple comparisons.
Results and Discussion
Cows fed 15.5~; CP ration (P3) produced more (P<.05) milk and SNF than those fed 13.27o CP ration (P1). Production of P2 group was intermediate in response (Tables  2, 3 ). Prepartum and postpartum treatment interactions were not diseemable (P>.05). Percentages of fat, SNF, and protein were unaltered (P>.05) as a consequence of protein treatments (Table 2) .
Even though cows were randomly assigned to prepartum and postpartum treatment groups, statistical analysis of milkproduetion during the previous lactation showed significant differences between postpartum treatment groups as assigned. Covarianco removed effects: e Means adjusted by covariance using previous milk production as the covariate. Forty cows were in each corral. When cows were added 1 day postpartum, an equal number of cows were removed by two criteria: milk production less than 18 kg per day or body weight gain of over 45 kg since calving. When cows were moved to another corral, concentrate (P1) intake was reduced to 4 kg per day and roughage feeding was unchanged, Production data include summaries of 305-day completed lactations as compiled by the DHIA. Contrasts in milk and fat production during early lactation were examined by records of the first 4 me of lactation. Time lapse averaged 115 days for all groups with a range of 110 to 122 days. Milk production on a mature equivalent (ME) basis and production adjusted by covariance for previous lactation were also evaluated. Average cow weight 1 day postpartum was 682 kg. They were weighed biweekly until removal from experimental groupings.
Use of 15.8~ CP in ration DM resulted in greater milk (P<.01), fat (P<.05), and SNF (P<.05) production than 13.9g CP (Table  4 ). An average difference was 2.9 kg of milk and .07 kg of fat production per day (P<.01) during the first 115 days of lactation (Table  4) . Difference was thus established within 115 days of calving, and magnitude of difference remained throughout lactation. Mature equivalents were applied to production data because of differences in number of lactations completed (Tables 4, 5 ). This adjustment resulted in a difference of 1~ probability for milk produetion because of protein treatment but no difference (P>.05) in fat yield. Although previous milk and fat yields were similar (P~ .05) on an actual or ME basis, enough difference existed to prompt adjusting means by covariance (Tables 4, 5) .
Comparatively, lower protein in these experiments approximated recommendations of the National Research Council (7). The Council has revised recommendation to a minimum of 15.7g CP in ration DM for cows weighing 680 kg and producing 40 kg of milk daily (8) . This calculation is based on combined maintenance and production requirements and assumes a ration containing 3.1 meal of digestible energy per kilogram of DM. Total protein intake would be 3.760 kg/day in 23.9 kg of dry matter vs. a high value (P5) of 3.511 kg protein in 22.2 kg dry matter in our study. If daily production is 45 kg and milk contains 3.5% protein, our results suggest that daily ingestion of CP should be approximately 210']g of protein yield in milk. Reid et al. (10) proposed that cows require an average minimum of digestible protein in the diet equivalent to 154% of the protein in milk.
The highest CP value of 14F~ (12.6g airdry) used by Thomas (14) corresponds with lower protein value (13.9~) in Experiment II. Production increasing substantially by providing 15.5 or 15.8% CP, as contrasted to lesser amounts, suggests that these are minimal values. Higher values must be investigated to. determine added production responses.
No interaction was observed (P>.05) between prepar~_m energy treatments and postpartum protein treatments. Thus, contribution of added calorie and protein ingestion during Analysis of covariance of current ME milk production (305-day) adiusted for previous ME milk production. Mean body weight losses of cows during the first 30 days of lactation were 91 kg following higher energy input prepartum and 15 kg on lower energy intake prepartum. Protein treatments during lactation did not contribute to changing weights.
